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1. Literature Review 
CHAPTER I 
INTRODUCTION 
The Drosophila melanogaster genome is the host of many transposable element 
families (for reviews see Berg and Howe 1989; Robertson and Lampe 1995). P elements 
have been the most widely studied of these families for three reasons (for review see 
Engels 1994). First, they were discovered relatively early as the cause of hybrid 
dysgenesis, a syndrome of deleterious germ-line genetic traits, in D.melanogaster. The 
dramatic nature of these traits (sterility of hybrids, chromosomal breaks and 
rearrangements, and mutations) meant that activation of P elements could be easily 
monitored. Second, P elements are thought to have invaded D. melanogaster 
populations only within the last 40-50 years; therefore, population biology studies 
provide a good opportunity to understand invasion and post-invasion dynamics of a 
transposable element in natural populations. Third, the application of P elements as 
molecular tools has provided extraordinary means to manipulate the Drosophila genome. 
Transposable elements, which are ubiquitous components of both prokaryotic and 
eukaryotic genomes, are usually vertically transmitted in a lineage from generation to 
generation. The distribution and sequence identity of P elements in Drososphila species 
suggest a horizontal transfer event from D. willistoni into D. melanogaster, followed by a 
rapid spread through the entire global population via vertical transmission (for review see 
Kidwell 1993). According to theoretical population dynamics, the initial invasion of a 
transposable element is a stage of replicative transposition, in which a rapid increase in 
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numbers per genome occurs. A long quasi-equilibrium stage follows, during which time 
transposition levels off due to self-regulation of transposition or selection against hosts 
with high copy number or both (Kaplan et al. 1985; Brookfield 1991). 
P elements are DNA-mediated elements that transpose via a cut-and-paste 
mechanism in which the element is removed physically from its location on the 
chromosome and then inserted elsewhere (Kaufman and Rio 1992). The resulting 
double-strand break is repaired by host-encoded DNA repair systems using the 
homologous chromosome sequence as template (Gloor et al. 1991). Full-sized P 
elements are 2907 bp long; internally-deleted P elements also exist, and they are most 
likely generated during the repair process after excision (O'Hare and Rubin 1983; 
Staveley et al. 1995). Transposition can occur when RN As carrying the four exons of the 
full-sized 2907-bp element are spliced completely, producing the transposase message 
(Karess and Rubin 1984; Rio et al. 1986). The transposase protein apparently interacts 
with host-encoded Rio and Rubin 1988; Kaufman et al. 1989). Complete splicing of the 
P element RNA occurs only in germ cells; therefore, transpositional activity is restricted to 
the germ-line. For this reason, only the germ-line is subject to the deleterious effects of 
P element mobilization. Furthermore, the incompletely spliced P element message 
produced in somatic and germline tissues appears to act as a P element repressor (Engels 
1983; Robertson and Engels 1989; Rio 1990; Misra and Rio 1990; Misra et al. 1993). 
An element-encoded repressor function is important to the control of P element 
transposition. In the absence of any regulation, P elements transpose at a high rate. Such 
lack of regulation can be induced in certain crosses between strains, where P element 
mobilization causes a syndrome of aberrant genetic traits known as hybrid dysgenesis 
(Kidwell et al. 1977; Sved 1979). Hybrid dysgenic traits, which are restricted to the 
germ-line, include temperature-dependent sterility, high mutation rates, chromosomal 
rearrangement, and pre-meiotic recombination. Such traits are induced in the germ-line 
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cells of progeny produced from dysgenic crosses and usually occur nonreciprocally. 
Typically, hybrid dysgenesis is observed only in the F 1 offspring of crosses between 
males with autonomous P elements (P strains) and females that lack repressor function (M 
strains). The reciprocal cross, a P female crossed to an M male, usually produces hybrids 
which show dysgenic traits at a much lower frequency, due to a maternal repressor 
function termed P cytotype (Engels 1979). 
Hybrid dysgenesis can be viewed as the result of chromosome-cytoplasm 
interaction that induces germ-line aberrations in certain interstrain hybrids (Kidwell et al. 
1977; Engels 1979b). Intrastrain crosses of P strains usually show no dysgenic activity. 
Engels ( 1979a) noted that the lack of dysgenesis observed from such intrastrain crosses 
could be attributed to the chromosomes which cause dysgenesis. These chromosomes 
also induce the P cytotype, thereby preventing dysgenesis in the next generation. Neither 
cytoplasm nor chromosomes exclusively determines P cytotype (Engels 1979a; Engels 
1979b; Sved 1987). 
The manifestation of hybrid dysgenic traits results from P element transposition 
and excision in germ cells during development. Such mobilization of the P elements 
occurs when P elements from sperm are introduced into an M cytotype egg which lacks 
regulatory ability. Gonadal dysgenesis (GD), or non-development of the gonads, is 
thought to occur when transposase is produced, in the absence of repressor, in early 
germline cells. The ensuing sterility of the individual is due to the loss of germ cells early 
in development (Niki and Chigusa 1986) . This destruction of the germ cells is 
temperature dependent (Preston and Engels 1980; Kidwell and Novy 1979), with the 
highest GD sterility levels observed at higher temperatures (27-29°C). This salient 
dysgenic trait has often been used in genetic tests to evaluate transposase and repressor 
expression of strains (Boussy 1987; Engels 1994). 
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Using the results from the gonadal dysgenesis assays as criteria, flies can be 
characterized in the P-M classification system by performing reference crosses A and A*. 
Cross A (test males are crossed to reference M females) measures P activity potential 
(Kidwell et al. 1977); cross A* (test females are crossed to reference P males) measures 
susceptibility to P activity (Engels and Preston 1980) (see fig. 2). Lines which give high 
gonadal dysgenesis (GD) in cross A and low GD in cross A* are said to have P 
phenotype; lines which give low GD in both crosses are neutral and are designated Q; 
lines which give low GD in cross A and high GD in cross A* are M (Kidwell 1983) (see 
table 3). At present, all naturally occurring wild populations contain P elements (Todo et 
al. 1984; Anxolabehere et al. 1985; Sakoyama et al. 1985; Boussy et al. 1988). 
Laboratory populations collected before the P element invasion exist that completely lack 
P elements; these are called "true M" lines, whereas lines showing the M phenotype but 
containing P elements are referred to as M' or pseudo M to differentiate them from true M 
lines (Engels 1984; Kidwell 1985). Q strains are neutral in the P-M system in that there is 
a lack of sterile offspring produced when Q flies are crossed to either P males or M 
females. Q strains lack the potential for sterility in hybrids produced from crosses with M 
females; they have P cytotype, which confers repression of sterility in crosses with P 
males. (Engels and Preston 1981 ). 
D. melanogaster populations have relatively similar P-M characteristics across 
large continental areas worldwide (Anxolabehere et al. 1984; Anxolabehere, Kidwell et al. 
1988); however, along the eastern coast of Australia, all P-M phenotypes were found to 
be represented in a north-south clinal pattern (Boussy 1987; Boussy and Kidwell 1987). 
The northernmost populations were typically P, populations in the middle were Q, and 
the southernmost populations were M'. More recent collections show that the clinal 
pattern persists, although with local changes (I.A. Boussy and R.C. Woodruff, 
unpublished results). Populations of flies collected from all three clinal regions thus 
provide a representative sample of the full range of P-M characteristics to study. 
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Results from gonadal dysgenesis assays have revealed at least two different types 
of regulation operating in natural populations, both encoded by P elements themselves: P 
cytotype, with maternal effect, and zygotic repression, with a strictly chromosomal 
inheritance. In order to determine the type of inheritance of regulation in a line, 
individuals from the line are crossed reciprocally to a strain without P elements (cross 1 
and cross 2; see figure 3). In cross 1, the female parent is from the test line; in cross 2, 
the female parent is from the laboratory line. The chromosomally identical Fl female 
offspring are then tested for a difference in regulatory ability by crossing to a strong P line 
and assessing gonadal dysgenesis in the offspring. A difference (cross 1 with better 
regulatory ability) means regulation with maternal effect; no difference means the 
presence of only chromosomal regulation (Engels 1979). North American lines usually 
have a strong maternal effect (P cytotype ), while European lines usually have no maternal 
effect, and hence only a chromosomal regulatory component (Jackson et al. 1988). As 
with their P-M characteristics, the Australian flies also differ in their mode of inheritance 
of repressor function, although preliminary data do not suggest a latitudinal pattern (see 
results). A sample of Australian lines can be used as a sample of modes of repressor 
inheritance existing in nature. 
Inheritance of repressor function is ultimately determined by chromosomal P 
elements which act as repressor elements (Sved 1979; Ronsseray et al. 1993). Based on 
structural criteria, two types of repressor-making elements have been described. Type I 
repressor elements contain at least the first two-thirds of the canonical P sequence (Gloor 
et al. 1993). A full-sized P element is 2907 bp long and contains four exons (designated 
0, 1, 2, and 3) separated by three introns (O'Hare and Rubin 1983). Such autonomous P 
elements, as well as elements deleted for exon 3, are Type I repressors. Alternative 
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splicing of an autonomous P element produces two transcripts: one that has the intron 
between exons 2 and 3 removed and another that contains the intron, which contains a 
stop codon (Laski et al. 1986). The first transcript encodes an 87-kDa transposase 
protein which is germ-line specific, while the second transcript encodes a truncated 
version of the transposase (with a different carboxyl end) of 66-kDa that is thought to be a 
repressor protein that acts in both the germ-line and the soma. The 66-kDa protein that is 
produced when the 2-3 intron is not removed has been shown to have a strong repressor 
function (Rio et al. 1986; Misra and Rio 1990; Gloor et al. 1993; Handler et al. 1993; 
Misra et al. 1993). Proteins encoded by elements which have deletions after the first nine 
nucleotides of the 2-3 intron also show strong repressor function (Gloor et al. 1993). 
Because type I repressor elements are often present in strains with maternal effect 
repression, they are thought to be involved in causing P cytotype (O'Hare and Rubin 
1983; Rio et al. 1986; O'Hare et al. 1992). The full-size P element, encoding the 66 kD 
protein, is a good candidate for a Type I repressor of transposition in naturally occurring 
D. melanogaster strains (Rio 1990; Misra and Rio 1990; Misra et al. 1993; Roche et al. 
1995). 
Type II repressor elements confer repression ability, yet do not produce the 66-
kDa repressor protein, due to the presence of internal deletions in exons 2 and 3 (Gloor et 
al. 1993). One such repressor may be the KP element, which contains an internal 
deletion of 1753 bp comprising parts of exons 1 and 3 and all of exon 2 (Black et al. 
1987). The KP element is typically not found or is at low numbers in North American 
flies, but is abundant in European fly genomes in which the KP and full-size elements 
make up -90% of the elements present (M. ltoh and I.A. Boussy, unpublished data). 
Because the KP element is extremely abundant in many strains without P cytotype and 
because its presence in a strain correlates with P repressor function, it has been 
hypothesized to confer a non-maternally inherited chromosomal repression by encoding a 
Type II repressor protein (Black et al. 1987; Jackson et al. 1988; Andrews and Gloor 
1995; Corish et al. 1996). These authors have suggested that the high copy number of 
KP elements in many genomes may reflect favor by natural selection since individuals 
with more such elements per genome would manifest fewer deleterious effects of 
transpositions. 
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Although both the 66 kD protein and the KP protein have been shown to possess 
regulatory properties, the molecular mechanisms of repression, regardless of the mode of 
inheritance (either maternal or zygotic), are unknown. Hypothesized mechanisms of 
action of P-element-encoded repression include competition at the DNA binding site 
between transposase and repressor (O'Hare and Rubin 1983), transcriptional repression 
(Lemaitre and Coen 1991; Lemaitre et al. 1993; Roche et al. 1995), action on RNA 
splicing or RNA stability (Lemaitre et al. 1993; Rasmusson et al. 1993; Roche et al. 
1995), and protein-protein interactions in which repressor proteins either bind to P 
elements and prevent transposase access or interfere with transposase synthesis, or in 
which repressor proteins bind to transposase proteins and inactivate the catalytic function 
of the transposase (Rio 1990; Andrews and Gloor 1995). In addition to protein repressor 
functions, a recent hypothesis suggests that P activity may be repressed by antisense P 
RNA, which would be produced if a P element inserted in the antisense orientation next to 
a genomic promoter sequence (Rasmusson et al. 1993). 
For both types of repressor elements (I and II), different regulatory properties 
ensue from different insertional positions in the genome. Studies have demonstrated that 
the same element (which can potentially confer repression) inserted at different genomic 
positions will produce very different results in gonadal dysgenesis assays, indicating a 
strong correlation between position and regulatory properties (Robertson and Engels 
1989; Ronsseray et al. 1991; Higuet et al. 1992; Gloor et al. 1993; Misra and Rio, 1990; 
Misra et al. 1993). Further, both timing and level of expression of repressor elements, 
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factors which are ultimately determined by an element's genomic position, are most likely 
important in determining the regulatory properties of a given element. Thus not all the 
repressor properties of an element are due to the element itself. 
Both maternally-derived and chromosomal repressor can potentially operate in the 
Drosophila life cycle following the beginning of zygotic gene expression. Indeed, 
repression probably works after zygotic expression has started since GD sterility occurs 
during germ line development (Niki and Chigusa 1986). The temperature sensitive period 
of gonadal dysgenic sterility occurs in late embryonic and early larval stages, a period of 
rapid cell division in the germ line, after zygotic expression has begun (Engels and 
Preston 1979; Schaefer et al. 1979; and Kidwell and Novy 1979). However, in the early 
stages of embryonic development, corresponding to the first ten mitotic cycles, 
transcriptional activation of the zygotic genome has not yet occurred (McKnight and 
Miller 1976; Zalokar 1976). In this developmental period, only maternally-contributed 
RNAs and proteins, placed into the oocyte from the nurse and follicle cells, are present. 
In embryos which have P element regulatory ability contributed maternally, it has 
not yet been determined whether the maternal component is RNA or protein. Misra and 
Rio ( 1990) discovered that a P strain with maternal P cytotype expressed a higher level of 
the 66 kDa repressor protein in ovaries and unfertilized oocytes than a strain which 
showed only zygotic repression. Misra et al. ( 1993) tested single P element insertion 
transformant strains for the level of 66 kDa protein expression during oogenesis. They 
hypothesized that those transformant strains characterized as having P cytotype in genetic 
assays would show high 66-kDa protein expression in the ovary, while strains that did 
not repress would show low expression. They found that some strains which showed 
maternal repression did not express detectable levels of the 66 kDa protein in the ovary; 
therefore, Misra et al.(1993) concluded that presence of the 66 kDa protein in the,ovary is 
not necessary for P cytotype repression. 
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Because they could not correlate protein level and repression ability, they then 
hypothesized that the level of maternally provided mRNA transcripts might correlate with 
the level of repression ability of the zygote. To test this hypothesis, they performed 
RNase protection assays to analyze mRNA transcripts encoding the 66 kDa protein in 0-4 
hour embryos. They reasoned that embryos of this age would reflect only maternally 
provided transcript levels because most zygotic transcription has not yet begun. From the 
results of the RNase protection assays, Misra et al.(1993) concluded that the level of 
maternally donated mRNA encoding the 66 kDa protein also does not correlate with 
repression levels of zygotes, as measured by the genetic assays. 
The conclusion of Misra et al. (1993) that neither the protein level nor the mRNA 
level encoded by P repressor elements was correlated with repression ability was obtained 
using transformant lines of single insertion 66kD-encoding elements fused to regulatory 
regions of other Drosophila genes. Although they could not find a correlation between 
level of maternal repressor and strength of repression ability under these artificial 
circumstances, it is possible that such a correlation does exist in natural populations of 
flies which have developed a maternal regulatory component of P element transposition. 
For this reason, I intend to ask the same question they did, but to approach the problem 
using a different experimental method and embryos of natural wild-caught populations. 
2. The Questions Addressed 
Full-length P elements are the most common naturally-occurring Type I repressor 
elements. The 66 kD protein produced in both germ-line and somatic cells when full-
length P elements retain the 2-3 intron was proposed to be a repressor protein of 
transposase, which is produced in the germ-line when the 2-3 intron is spliced (O'Hare 
and Rubin 1983). Based on studies conducted with lines containing artificially . 
constructed 66kD protein-producing elements, it has been further proposed that full-size, 
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or Type I, elements are the responsible agents for the maternal effect of P cytotype 
inheritance of repression (Robertson and Engels 1989; Misra and Rio 1990; O'Hare et al. 
1992; Misra et al. 1993; Roche et al. 1995). Based on these proposals, the following 
questions can be asked: 
1. In wild-derived lines, is the maternal effect in P element repressor function due 
to maternally-contributed Type I P element mRNA? 
2. If maternally-contributed Type IP element mRNA can be detected in early 
embryos of wild-derived lines, will such lines have P cytotype maternal effect repression? 
Type II repressor elements, such the KP element, are proposed to confer zygotic 
repression of P element transposition (Black et al. 1987; Jackson et al. 1988; Corish et al. 
1996). The biparental transmission of KP-mediated repression indicates that only the 
presence of KP elements in a zygote, and not the parent contributing the regulatory 
elements, is important. Hence, repression by Type II repressors shows no maternal 
effect (Lemaitre et al. 1993; Rasmusson et al. 1993). Because KP elements do not appear 
to contribute to maternal effect repression, neither the presence nor the absence of 
maternal KP transcripts is expected to predict the regulatory properties of flies. 
Nevertheless, two questions concerning maternal expression of Type II elements can be 
formulated: 
3. Do lines of any repressor mode (maternal, zygotic, or none) contribute KP 
element transcripts to their developing oocytes? 
4. Do any correlations exist relating KP maternal expression and repression 
ability? 
3. Hypotheses and Approach 
In embryos which have regulatory ability contributed maternally, I hypothesize 
that it is P element type I repressor mRNA, encoding repressor protein(s), that confers the 
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maternal effect repression. If this is so, then lines lacking maternal effect repression 
should lack P element repressor mRNA in early embryos, whereas lines with maternal 
effect repression should have such mRNAs in embryos prior to induction of zygotic 
expression. To address this hypothesis, my approach consisted of performing reverse 
transcription and the polymerase chain reaction (RT-PCR) on total RNA extracted from 
early embryos (before zygotic transcription has begun) with primers specific for the 66 
kDa type I repressor to detect P element messages. The presence or absence of repressor 
messages was then to be compared to the presence or absence of maternal effect 
repression in the line, as determined by genetic crosses. In addition to assaying for type I 
repressor mRNA, I also performed RT-PCR with primers specific for the type II KP 
repressor to detect maternally-derived KP element messages. As KP elements are not 
thought to have a maternal effect in their repressor function, I did not expect that any 
particular correlation would be revealed. Well-characterized laboratory lines and wild-
collected lines from Australia provide different repressor inheritance modes and strengths 
of repression ability. For this study, these Australian lines serve as good samples of 
natural populations, with large variability in P element repressor strength and inheritance 
pattern. 
4. Experimental Design 
Because RT-PCR amplifications specific for maternally-contributed mRNA were 
to be performed, total RNA was extracted from embryos in which zygotic activation of 
the genome had not yet occurred. In D. melanogaster, this time period corresponds to the 
earliest stages of embryogenesisis, from deposition of the egg until 2 hours and 50 
minutes after egg laying when development proceeds at 25°C (reference). If RT-PCR 
using primers specific for the type I 66 kDa repressor and the KP message can amplify 
appropriate cDNA fragments from these early embryos, then the signal must be due to a 
maternally-contributed mRNA. 
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I extracted total RNA from properly timed embryos, destroyed genomic DNA by 
DNase treatment, performed reverse transcription (RT) of the mRNA using a poly-T 
primer and reverse transcriptase, and applied the polymerase chain reaction (PCR) to 
amplify the P element target cDNA designated by the specific primer pairs for full-size 
repressor and KP transcripts. As a control for contaminating DNA in the RNA 
preparations, the amplifications were also performed without reverse transcriptase. The 
lack of a product in these control reactions ensures that products detected when reverse 
transcriptase is included are from mRNA and not genomic DNA. The presence or 
absence of P element repressor transcripts was then compared to the repressor ability of 
the flies. 
Various outcomes are possible in testing lines with different modes of repressor 
function for the presence of 66 kDa transcripts and KP element transcripts. If a transcript 
is detected in lines with maternal effect, there is the possibility of a correlation with that 
maternal effect. If no transcript is detected, or if transcripts are detected in some maternal 
effect lines but not in others, that transcript cannot be a necessary or sufficient causal 
agent for maternal effect repression. In that case, I would conclude that the maternal 
component is protein or another P element mRNA. 
If a transcript is detected in lines with maternal effect, but not in lines with only 
zygotic repression nor in lines without repression, that transcript is a candidate for the 
causal agent of maternal effect repression. If such a transcript is also detected in all or 
some lines with only zygotic effect or with no repressor function, that transcript is not a 
sufficient causal agent for maternal effect, although it may be a necessary or contributory 
factor. 
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If a transcript is not detected in lines with maternal effect, but is detected in at least 
some lines with zygotic repression or without repression, that transcript has a negative 
correlation with maternal effect repression. This pattern at first seems impossible, but it 
may be a possibility for the KP element transcript. Contrary to the interpretation of Black 
et al. ( 1987) and Jackson et al. ( 1988) that the KP element has a direct repressor role, 
Boussy et al. ( 1988) noted that wild lines with more KP elements per genome tended to 
manifest less repressor ability, although no causal basis for the observed correlation was 
postulated. Such a result could be due to the KP elements acting as responsive targets for 
transposase, but I postulate that it could also be due to some sort of facilitation of 
transposase action by a KP product. 
CHAPTER II 
MATERIALS AND METHODS 
1. Strains of D. melanogaster used in experiments: 
Canton-S bm, designated CS: An M line, devoid of P elements, marked with 
mutations in the two eye pigment pathways; this strain is derived from the long 
established laboratory strain Canton-S (Kidwell et al. 1977). CS, a highly reactive 
strain completely lacking repressor ability, is the reference M strain used in crosses with 
wild lines to test P activity (cross A) and mode of inheritance of repressor function 
(crosses 1 and 2). Harwich-w, designated HW: A subline of an inbred Pline, 
marked with a white eye mutant; this strain contains very active P elements. The original 
line was derived from two females collected in 1967 in Harwich, Massachusetts (Kidwell 
et al. 1977). HW is the reference P strain used in crosses to test susceptibility to P 
activity (cross A*) and repression inheritance mode (crosses 1and2). 
Sexi, designated SX: An M' strain collected in Spain in the 1970s (Boussy et al. 
1988). 
Australian isofemale lines: Nineteen lines that were collected in 1991 from four 
locations (Nebo, Westwood, and Bli Bli in Queensland, and Nowra in New South 
Wales) were chosen to survey (see figure 1,table 1). Lines were picked that had different 
degrees of potential P activity (cross A) and strong repression (Cross A*) based on 
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Figure 1. Collection locations of Australian isofemale lines. 
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Table 1. Australian isofemale lines. 
(
0 SLat = degrees south latitude; Qld = Queensland; NSW = New South Wales) 
Locality 0 SLat. Line 
Nebo, Qld 21.4 Nebo 1 
Westwood, Qld 23.7 WWl 
" " WW2 
" " WW3 
" " WW4 
" " WW5 
" " WW6 
Bli Bli, Qld 26.7 Bli 3 
" " Bli 5 
" " Bli 6 
" " Bli 7 
" " Bli 11 
II " Bli 14 
" " Bli 19 
Nowra, NSW 34.9 NOW6 
" " NOWlO 
" " NW3 
" " NW4 
" " NF2 
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2. Crossing schemes for gonadal dysgenesis assays: 
All crosses were performed en masse. Crosses A and A* test the P-M 
characteristics of a line against reference laboratory stocks by scoring gonadal dysgenesis 
in offspring females (see Figure 2). All A and A* crosses were established at 29° C, 
embryonic and larval development were allowed to continue at 29°C for another four 
days, and then vials were shifted to room temperature (approximately 23 ° C) for the 
remaining developmental period. Emerging adults were collected and held for four days 
on fresh medium to ensure that females had ample nutrition and time to develop ovaries. 
Females were then dissected and scored for the presence of two, one, or no ovaries. The 
presence of even one ovariole carrying a developing egg was scored as a developed 
ovary. Those females that had either one ovary or no ovaries were counted as dysgenic. 
Based on gonadal dysgenesis (GD) in offspring females from crosses A and A* 
reared at 29° C, lines can be classified into P, Q, or M categories. M lines are further 
divided based on presence or absence of P elements in their genomes (Table 2). High 
frequencies of Fl dysgenesis produced in A* are indicative of a lack of repressor ability, 
designated a M repressor state; low frequencies indicate repressor ability, designated a P 
repressor state. 
A comparison of crosses 1 and 2 evaluates the degree of maternal inheritance of 
repressor function in a line, based on reciprocal crosses to an M line and testing of the 
repressor function of the female offspring (see Figure 3). The Fl female offspring from 
both crosses possess identical chromosomal constitutions; however, they have different 
sources of maternal cytoplasm transmitted in the original mating. A major difference in 
gonadal dysgenesis sterility between the two second-generation progenies indicates that a 
proportion of the repressor function is due to a maternal effect (P cytotype ). If the 
gonadal dysgenesis sterility is found to be the same in the two progenies, repressor 
function is primarily chromosomally inherited (zygotic repression only) in the line being 




2 good 1 good 0 good 2 good 1 good 0 good 
ovaries ovary ovaries ovaries ovary ovaries 
Cross A Cross A* 
Figure 2. Reference crosses to evaluate P-M characteristics of a line. 
Table 2. Classifying lines in the P-M system. 
Cross A 
(P activity) 
(M TM X line·) I 
GD (10-100%) 
no GD (<10%) 
no GD (<10%) 
no GD (<10%) 











(susceptibility to P) 
(line™ x P-) I 
no GD (<10%) 
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2 good 1 good good 
ovaries ovary ovaries 
Cross 2 
Figure 3. Crosses to determine mode of repressor inheritance in a line. 
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tested. The reciprocal crosses to CS are performed at room temperature to control 
transpositional activity; the cross of the Fl female progeny to HW males is performed at 
29°C and subsequent manipulations are performed as above. 
3. Southern blot analysis: 
Genomic DNA for Southern analysis was extracted from adult flies by 
homogenizing in a denaturing solution ofEDTA and SDS, treating with RNase A, 
precipitating proteins with ammonium acetate, and ethanol precipitating of the DNA 
(Puregene DNA extraction kit). Extracted DNA quality was assessed by electrophoresis, 
and fluorometric quantitation using the double-strand DNA-intercalating dye, Hoechst 
33258, was performed to determine the concentration. Genomic DNA samples were then 
digested with the restriction enzymes Ace I and Sea I (BRL) which cut within the full-
sized P and KP elements. The full-sized P element is cut by Ace I at base pairs 50 and 
2410 (sequence according to O'Hare and Rubin, 1983)to yield a 2.36 kilobase pair 
fragment; the KP element is cut at 50 by Ace I and at 874 by Sea I to yield a 0.82 kb 
fragment (see figure 4). Digested DNA was electrophoresed through 1 % agarose gels in 
lxTBE and transferred onto nylon membrane filters (Nytran, Schleichher & Schuell) by 
capillary blotting using 1 OxSSPE. The membranes were treated with ultraviolet light and 
baked in a vacuum oven at 80° C to fix the DNA to the membrane. Each membrane was 
prehybridized under conditions of low stringency ( 4 7%) and hybridized under conditions 
of high stringency (96% ). % stringency refers to the degree of identity of DNA strands 
that will be 50% annealed under the defined conditions (Boussy and Daniels 1991); based 
on numerical relations discussed in (Wahl et al. 1987); it can be calculated using the 
formula: 
18.5 - 41 [G+C] - 16.6 (log [M]) + 500/L + 0.62F + T 
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50 2410 
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50 874 
Figure 4. Ace I and Sea I restriction sites and fragments produced upon digestion of full-
size P and KP elements. 
where [G+C] is the mole fraction of guanine and cytosine residues in the hybridizing 
DNAs, [M] is the total concentration of monovalent cations, Lis the length of duplexes 
formed, F is the percent formamide, and T in (0 C) is the temperature of hybridization or 
washing. Hybridization of the radioactively labeled probe DNA (see below) to the 
membrane was then detected using X-ray film autoradiography. 
4. Preparation of P element probe DNA: 
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Figure 5 diagrams the following procedure. The p7t25.1 plasmid, which contains 
a full-sized P element (2907 bp) in 1.8 kb of the 17C region of D. melanogaster X 
chromosome in the vector pBR322, was first digested with Barn HI and Bsi WI to 
produce a 1.8 kb fragment. This fragment, consisting of 1 kb of the D. melanogaster 
genomic DNA and 775 bp of the P element, was then digested with HindIII and XhoI to 
yield a 690 bp fragment which contains sequence from exon 0, intron 0-1, and exon 1 
(nucleotides 38-728 of the standard P sequence; O'Hare and Rubin 1983). This HindIII-
XhoI fragment was then ligated into the Bluescript SK(+) vector. This plasmid is 
referred to as pPHX690. XLl-Blue competent E.coli cells were then transformed with 
pPHX690. 
Plasmid DNA was prepared from the transformed cells as follows. A single 
colony was innoculated into LB medium containing ampicillin, and grown to saturation. 
The culture was centrifuged at 4,000xg, the pellet was resuspended in a solution of Tris-
EDT A (TE), pH 8.0, and the bacterial cells were lysed in NaOH/ SDS, in the presence of 
Rnase A. The cell lysate was neutralized by acidic potassium acetate. The lysate was 
subjected to high speed centrifugation (30,000xg) to remove the precipitated debris and 
leave a cleared lysate. The cleared lysate was loaded onto an anion-exchange resin 
column equilibrated to the proper pH and salt conditions for binding only DNA (Qiagen 
I p7t2s.1 I 
Bam HI- Bsi WI fragment 
Hin DIII Xho I 
+ • 









Plasmid Maxi Kit). The DNA bound on the resin was then eluted as described in the 
manufacturer's protocol, ethanol precipitated, and resuspended in TE, pH 8.0. 
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The purified DNA was digested with Hind ill and Xho I to isolate the 690 bp P 
element insert. The fragment was gel-purified and used as the template for random primer 
labeling to generate a radioactively-labelled probe (Oligolabelling Kit, Life Technologies). 
5. Reverse transcriptase polymerase chain reaction (RT-PCR): 
Total RNA for the reverse transcriptase polymerase chain reaction (RT-PCR) was 
obtained using an RNeasy total RNA extraction kit (Qiagen). Briefly, embryos were 
homogenized in a highly denaturing solution containing ~-mercaptoethanol, in which 
RNases are inactivated, cells are lysed, and high molecular weight genomic DNAs are 
sheared. The sample was then adjusted to appropriate binding conditions and applied to 
the RN easy spin column. The RNA was bound to the silica gel-based membrane of the 
column, while contaminants were washed away. Total RNA was then eluted in water. 
The resulting solution contained approximately 1 µg/µl total RNA and 1 µl was used for 
each reverse transcription reaction. 
Reverse transcriptions were carried out in 20 µl volumes using murine leukemia 
virus (MuL V) reverse transcriptase (Perkin Elmer) and a MJ Research, Inc. thermal 
cycler. Each reaction contained 5 mM MgCl2, lX Perkin Elmer PCR buffer II, 1 mM 
each dNTP, 1 U RNase Inhibitor, 2.5 µM oligo d(T) primer, approximately 1 µg total 
RNA, and 2.5 U MuL V reverse transcriptase (Gene Amp RNA PCR Kit, Perkin Elmer). 
Contaminating DNA was eliminated from samples according to the method of Dilworth 
and McCarrey ( 1992). Briefly, prior to addition of reverse transcriptase, 0.4 µl of 0.25 
µg/µl RNase-free DNase I (Sigma) was added to the reaction mix to digest any 
contaminating DNA. Reaction mixtures were incubated at 37°C for 30 minutes, covered 
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with a layer of mineral oil to prevent evaporation, and the Dnase activity was stopped by 
heating to 95° C for 5 minutes. The temperature profile of the reverse transcription 
reaction was 42° C for 15 minutes to reverse transcribe mRNA molecules with a poly A 
tail to form a pool of cDNAs, 99° C for 5 minutes to denature the enzyme, and 5 minutes 
at 5° C for cooling. 
For each polymerase chain reaction, 3 µl of the reverse transcription mixture 
containing a cDNA pool was added to Taq DNA polymerase and primers specific for P 
element transcripts to amplify the appropriate cDNA when incubated in the Idaho 
Technology thermocycler. 10 µl reactions loaded into capillary tubes contained .5 µM of 
each primer, 200 µM of each dNTP, 1 X Idaho Technology buffer, and 0.4 U Taq. 
Due to rapid heat transfer to glass capillary tubes, the manufacturer recommends 
that denaturing and annealing temperatures be set to zero. Recommended extension times 
are 15 seconds per 500 base pairs. 
6. Primers and PCR reactions: 
The sequences of the 5'-subterminal primer and the KP-specific primer are 
identical to those reported by Rasmusson et al. (1993). The base position numbers of all 
primers are those of the canonical P element (O'Hare and Rubin 1983; see figure 6). 
The 5'-subterminal primer, 5'-(35) GCCGAAGCTTACCGAAGTAT (54)- 3', is 
derived from a sequence just inside the 5' inverted terminal repeat of the P element and 
primes DNA synthesis toward the 3' end. Because it is upstream (5') of the P element 
promoter, in RT-PCR it should only amplify transcripts that were initiated from an 
external source, i.e., a genomic promoter. It is designated primer P35R. 
The KP-specific primer, 5'-(2577) ATCAACATCGACGTTTCCAC (805)-3', 
designed by G. Gloor and W. Engels, spans the deletion breakpoint (808-2560) in KP 
elements and primes DNA synthesis toward the 5' end. It is used with the 5'-subterminal 
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primer to identify transcripts initiated from genomic promoters in RT-PCR amplifications. 
It is named primer P2577L. The expected product length for a spliced mRNA template 
(in which the first intron of 59 bp is removed) is 733 bp. The optimized cycling profile 
was as follows: an initial denaturation at 94 ° C for 15 seconds is followed by 30 cycles of 
a denaturing step of 94 ° C for 0 seconds, an annealing step of 55° C for 0 seconds, and an 
extension step of 72° C for 24 seconds. A final extension at 72° C for 30 seconds 
completes the program. 
The 5'-post-promoter primer, 5'-(350) GCGACTCAACGCAGATGCCG (369)-
3', is derived from a sequence downstream (3') of the P element promoter and primes 
DNA synthesis toward the 3' end. Primer P350R was used with primer P2577L to 
identify transcripts initiated from either genomic promoters or the P element promoter or 
both in RT-PCR amplifications. This primer pair should amplify a 418 bp product when 
spliced mRNA is reverse transcribed and subjected to PCR. Cycling parameters were as 
above except for an annealing temperature of 52° C and an extension time of 15 seconds. 
Primer P2348L, 5'-(2348) CCCGCGATATATTCCATCGC (2329)-3', was used 
as the left-facing primer in all amplifications specific for full-size P elements (figure 7). It 
is located in exon 3 and corresponds to a portion of the P element that is deleted from the 
KP element, ensuring that Type I repressors, and not Type II repressors, would be 
amplified. 
Primer P2348L was used in combination with four other primers: P35R, P350R, 
P961R, and P1895R. Since only PCR amplifications using genomic DNA samples were 
attempted with the first three primers in combination with P2348L, the expected product 
lengths correspond to intron-containing genomic DNA. Primers P35R and P2348L are 
expected to yield an amplification product of 2316 bp and primers P350R and P2348L 
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should give a 2001 bp product. Amplifications using primer P961R, 5'-(961) 
AGCGACTATGTCCAACTGGC (980)-3', and P2348L should produce a 1390 bp band, 
while P1895R, 5'-(1895) CGACCATCCCACTCCACTGC (1914)-3', coupled with 
P2348L would give a 456 bp product. Primers P1895R and P2348L were also used in 
RT-PCR amplifications. An unspliced RNA transcript, corresponding to repressor 
product, should also produce a 456 bp product; spliced RNA, indicative of a transposase-
encoding transcript, would give a product size of 265 bp. Amplification reactions 
performed with these four sets of primers specific for full-size P elements were 
unsuccessful (see results). 
7. Southern hybridization detection of RT-PCR products: 
RT-PCR reactions as performed yielded weak or no bands visible with ethidium 
bromide staining of gel and uv exposure. To verify the identity of reaction products, 
DNA was transferred to nylon membrane filters (Southern blotting, as described above) 
and probed with a P element probe. The source of probe DNA was a gel-purified 1.8 kb 




1. Gonadal dysgenesis assays and Southern blot analysis of genomic P 
element complements 
To study the regulation of P element transposition in Drosophila melanogaster, 
and, more specifically, the maternal inheritance of repression, it was necessary to obtain a 
sample of wild strains with different repressor inheritance modes and strengths of 
repressor ability. Populations of flies collected from eastern Australia serve as an ideal 
source of strains that display differences in their P element characteristics (Boussy 1987a; 
Boussy and K.idwell 1987; Boussy et al. 1988). In order to assess the strength and 
inheritance of P element repressor function, gonadal dysgenesis assays were performed 
on nineteen survey lines (see table 1) collected in 1991 from four eastern Australian 
locations, Nebo, Westwood, and Bli Bli in Queensland, and Nowra in New South Wales 
(see figure 1). The lines selected had previously been shown to have different degrees of 
P activity potential (cross A) and repression ability (Cross A*) (R.C. Woodruff and I.A. 
Boussy, unpublished data). 
The P activity potential of each line was assessed by performing Cross A (figure 
2). As stated previously, transposition of P elements does not occur when the female 
parent is of the P cytotype, i.e., has P elements in her genome and has repression ability. 
For this reason, P elements are generally regulated (or repressed) and do not transpose in 
intrastrain P crosses. However, it is possible that the P elements of such strains have a 
potential activity that can only be observed in an unregulated (or derepressed) 
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environment. In Cross A, use of Canton-S females, which are devoid of P elements and 
repressor ability, provides the unregulated environment (of the egg) which allows 
mobilization of potentially active P elements (supplied by the sperm) of a particular strain. 
Such transposition events are easily monitored by a gonadal dysgenesis (GD) assay. GD 
sterility, in which Fl individuals reared at 29°C fail to develop gonads, is a result of a cross 
between an M female lacking repressor ability (Canton-S) and a P male which possesses 
active P elements. Fl offspring reared below 25°C, or offspring of the reciprocal cross, 
do not show GD sterility. In Cross A, a high proportion of sterile Fl offspring indicates 
that a line has high P activity, since it is successful in inducing gonadal dysgenesis, which 
results from transpositional events. A low proportion of Fl sterility is characteristic of a 
line with low P activity level. 
Each line's regulatory or repression ability was determined using Cross A* (figure 
2). Males from a strong P strain, Harwich, are crossed to females from the line being 
tested and their offspring are assessed for gonadal dysgenesis. When Harwich males are 
crossed to Canton-S females, the P elements of Harwich are activated such that 100% of 
the F 1 females are sterile. Since Harwich is such a strong inducer of gonadal dysgenesis, 
it serves as the reference strain for determining the strength of repression ability of a line. 
A female from the test line is crossed to Harwich and subjected to the potentially high 
activity of the P elements. If the line has repressor function and can regulate Harwich's P 
element activity, the offspring will be fertile. If, instead, the line has low repression 
ability, the offspring will show some sterility; if the line has no repression ability, the 
offspring will approach 100% sterility levels, as in the cross with Canton-S females. 
Based on crosses A and A* data, the lines were classified as either P, Q, or M' (see 
table 2). P lines have high P activity (high sterility in Cross A) and high repression ability 
(low sterility in Cross A*). Q lines have low P activity (low sterility in Cross A). 
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and high repression ability (low sterility in Cross A*). M' strains have low P activity 
(low sterility in Cross A) and low repression ability (high sterility in Cross A*). The 
fourth category, designated M, shows similar phenotypic properties to M' strains in the 
gonadal dysgenesis assays but lacks P elements. Such M strains are only found in long-
established laboratory stocks and are no longer found in wild populations. 
In addition to crosses A and A*, crosses 1 and 2 were performed on the test lines 
to determine the mode of repressor inheritance as either maternal, zygotic, or none (see 
figure 3). Reciprocal crosses of the test lines (represented as "T") and Canton-S (M) 
were first performed at a permissive temperature (25°) so that P element mobilization is 
minimum. The chromosomally identical Fl females from the two reciprocal crosses were 
then crossed to Harwich (P) males at a restrictive temperature (29°) to assess the 
repression ability of the Fl hybrids. Progeny from Cross 1 TM (female) x P (male) can 
potentially show more repression (less sterility) than those from the Cross 2 MT (female) 
x P (male), where "TM" and "MT" represent the two reciprocal hybrids with the female 
component shown first. The cross 1 progeny can show a significantly lower sterility 
level than cross 2 progeny if a maternal component, in addition to the chromosomes 
themselves, is necessary for this strain's repressor action. A line showing more 
repression in cross 1 (when the original female parent is from the test line) is therefore 
classified as having maternal effect. Harwich, a reference P strain, has such a maternal 
effect inheritance of repression. A second possibility is the identical Fl offspring 
showing approximately the same low level of sterility, indicating zygotic repression. A 
zygotic mode of repressor inheritance reflects the importance of expression of the 
repressor-producing chromosomes, regardless of from which parent they were inherited. 
Finally, if the Fl offspring from both crosses show high sterility levels, then the line 
shows no repressor inheritance. 
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Results of these gonadal dysgenesis assays (crosses A, A*, 1, and 2) yield a 
profile of each strain's activity and regulation in the P element system (table 3). Ten of 
the Australian lines, in addition to Harwich, are classified as P, showing high P activity 
(high dysgenesis in cross A) and high repression (low to no dysgenesis in cross A*). 
Three of these P lines, Nebo 1, WW 2, and Bli 3, show zygotic inheritance of repression 
(low dysgenesis levels which are not significantly different in crosses 1 and 2), while the 
seven remaining P lines (WW 1, WW 5, WW 6, Bli 5, Bli 6, Bli 11, and Bli 14) show 
maternal inheritance of repression (low dysgenesis in cross 1 and high dysgenesis in 
cross 2). Q lines have low P activity and high repression ability (low dysgenesis in both 
crosses A and A*). Of the seven lines classified as Q, strains WW 4 and Bli 19 show 
zygotic repression. The remaining Q lines (WW 3, Bli 7, NW 3, NOW 6, and NOW 10) 
have a maternal effect repression. The M' lines, which have low P activity (low 
dysgenesis in cross A) and low to no repression ability (high to 100% dysgenesis in cross 
A*) are SX, NW 4, and NF2. The high sterility values for crosses 1 and 2 further 
demonstrate the lack of repression in these lines. Such results indicate that the strains 
surveyed from the Australian natural populations exhibit large differences in their 
strengths of repressor ability and in their modes of repressor inheritance. 
In addition to characterizing a strain's actions in GD tests, the strains were further 
analyzed at the molecular level to determine the genomic P element complements of the 
experimental lines. Southern blot analysis was performed in order to identify primarily 
full-size and KP elements since both have been shown to play roles in repression. The 
results of the Southern analysis are shown in Figure 8. In order to identify primarily full-
size and KP elements, genomic DNA samples from the survey lines were digested with 
Ace I and Sea I and probed with the Hind 111/Xho I fragment from pp25. l (Figures 4 and 
5). The full-sized P element is cut by Ace I at base pairs 50 and 2410 to yield a 2.36 base 
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97.4 NS no effect 
72.9 ** maternal 
Laboratory strains are listed first, followed by the Australian lines, which are listed in 
order of location from north to south latitude. Lines which were futher analyzed are 
highlighted. Between 68 and 204 females were dissected for each cross. Contingency 
X2 values were calculated to determine whether the cross 1 and cross 2 results were 
significantly different (a P~ .0025 alpha-level is equivalent to a 0.05 criterion, due to 
repeated testing; Bonferonni method (Zar 1984). sig= significance; NS= not significant; 











The genomic DNA of each line was digested with Ace I and Sea I and probed with the 
pHX690 plasmid. The arrows indicate the sizes of the 2.35 kb Ace I fragment expected 




pair fragment; the KP element is cut at 50 by Ace I and at 874 by Sea I to yield a 0.82 kb 
fragment. Other internally-deleted elements give various sized fragments. Except for 
Canton-S, the M strain control, each lane of the autoradiogram shows hybridization 
signals, indicating that all wild-derived strains possess P elements. Results from the blot 
indicate both quantitative and qualitative variability in full-size, KP, and other internally-
deleted elements among the lines. 
All strains characterized as P strains had full-size P elements. In addition, all of 
the P strains had various sized internally-deleted elements and all lines, excluding 
Harwich and Bli 6, possess KP elements. The molecular profiles of the Q strains were 
similar in that six out of the seven Q lines have full-size, KP, and other internally-deleted 
elements. Bli 7 is the exception in that it seems to lack full-size elements. The three M' 
strains, Sexi, NW 4, and NF 2, haveKP and other internally-deleted elements. Among 
these, only strain NW 4 contains full-size elements. 
Five Australian lines (NOW 6, NW3, WW4, Bli 19, and NF2) and three 
laboratory lines (Canton-S, Harwich, and Sexi) differing in repressor inheritance mode 
(based on data from crosses 1 and 2) and strength of repression ability (based on data 
from crosses A and A*) were chosen for further study. Representative lines that show 
maternal effect inheritance are Harwich, NOW 6 and NW3. NOW 6 and NW3 are Q 
lines, as both the A and A* crosses show less than 10% dysgenesis in the Fl offspring. 
Both NOW 6 and NW3 are strong maternal effect lines because the offspring from cross 
1 (TMxP) have high repression (0.0% sterility and 4.0% sterility, respectively), 
compared to the repression ability of cross 2 (MTxP) offspring (71.1 % and 88 .4 % , 
respectively). Harwich is a strong P strain also showing maternal effect repression. 
Although these three strains, NOW 6, NW 3, and Harwich, are classified as having 
maternal effect inheritance of repressor function, their genomic P elements differ." 
Harwich contains a high number of full-sized elements and lacks KP elements entirely, 
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which contrasts with both the NW3 and NOW 6 strains, which have a greater 
preponderance of KP elements in comparison to full-sized elements, in addition to having 
other internally-deleted elements. 
Representative Q lines that show zygotic repression are strains WW 4 and Bli 19. 
The differences between cross 1 and cross 2 results are not significantly different in these 
lines. WW4 shows 9.0% sterility in cross 1 and 14.0% sterility in cross 2; sterility 
values of Bli 19 are 1.0% and 6.0%, for cross 1 and cross 2, respectively. The 
repression conveyed in these lines, therefore, must be supplied on the chromosomes. 
Despite the same classification as a result of genetic tests, WW 4 and Bli 19 differ in their 
molecular complement of P elements. WW4 contains both full-size and KP elements, 
while Bli19 has many full-sized elements and relatively few KP elements. 
The representative M' lines that show little or no repression ability are SX and 
NF2. In addition to their similar behavior in the GD assays, SX and NF2 also show a 
similar molecular profile of few (or no) full-size P element copies and many KP element 
copies. CS, a pure M strain possessing no P elements and no ability for regulation, 
serves as the negative control line. Note that although the lines are classified as having a 
maternal, zygotic, or no effect in the gonadal dysgenesis assays, such results cannot 
predict the P element complements of their genomes. Strains can act the same in genetic 
crosses, yet differ at the molecular level. Such results show that a strain's action in 
genetic tests cannot be correlated directly with its P element composition of full-size and 
KP elements. 
36 
2. Results from RT-PCR amplications to detect the presence of maternally 
provided P element transcripts 
In order to address the question of whether the maternal effect in P element 
repressor function is due to maternally-contributed P element mRNA, total RNA was 
extracted from embryos of the representative lines showing different modes and degrees 
of repression of P element transposition. This RNA was then assayed for the presence or 
absence of P element transcripts. Females from each of the lines were allowed to lay eggs 
for up to 1 hour and 25 minutes at 25°C. Since embryos of this age have not yet begun to 
transcribe zygotic genes, the portion of the total RNA which corresponds to 
polyadenylated mRNA must have been maternally contributed. Total RNA was extracted 
from these early embryos (prior to zygotic genome activation), and was reversed 
transcribed using a poly-dT primer (to make cDNA copies of mRNA only); the cDNA 
was subjected to PCR amplification using primers specific for the full-size P element, 
representing a Type I repressor, and for the KP element, representing a type II repressor. 
The presence of an amplification product indicates that the females from a particular line 
contribute P element transcripts to their embryos, while no amplification product means 
no P element repressor mRNA is contributed by the females to the offspring in that line. 
To control for contaminating DNA in the RNA preparations, primers were 
chosen at positions that flank an intron in genomic DNA; therefore, any contaminating 
genomic DNA would produce a larger DNA band than amplified cDNA. As a second 
control, the reverse transcription step was performed without addition of reverse 
transcriptase. If a product were detected when the RT was omitted, it would indicate that 
contaminating DNA in the RNA preparation served as the template. 
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a. RT-PCR amplification to assay for KP transcripts 
To assay for maternal KP transcripts, RT-PCR amplifications were 
performed using the 5'-subterminal primer, P 35R, and the KP-specific primer, P 2577L 
(see figure 6), which were originally designed to amplify genomic KP elements (G.Gloor 
and W.Engels, unpubl.; Rasmusson et al. 1993). If a KP transcript is detected with this 
primer pair, then it must have been produced from run-on transcription from an outside 
promoter, since the P element promoter, defined as a TATA box, begins at nucleotide 55, 
which is downstream from nucleotide 35, the initiation site of the P35R primer. Primers 
P35R and P2577L will amplify transcripts initiated from genomic promoters and will 
produce a product of 733 bp, corresponding to the length of a spliced rnRNA template, in 
which an intron of 59 bp (nucleotides 442-501) is removed. 
Figure 9 shows the results of RT-PCR amplfications with primers P35R and 
P2577L. Lack of products in reactions in which reverse transcriptase was excluded 
indicates that there was no contaminating DNA in the RNA preparations, and that any 
products detected when reverse transcriptase was included were produced from rnRNAs. 
No products were detected in HW, NOW 6, WW 4, Bli 19, or CS embryos, indicating 
the absence of a KP transcript. When NW 3, SX, and NF 2 embryonic RN As were the 
templates, the results were amplified products of the predicted size (733 bp) and of a 
smaller size (-570 bp ). The band of smaller size was most likely produced as the result of 
non-optimized reaction conditions such that false priming to a weak binding site (on the 
KP element sequence) occurred. The program Oligo 4.0 predicts that such an event 
would produce a product of 569 bp, corresponding to the size of the product observed. 
Nonetheless, detecting run-on KP products in NW 3, SX, and NF2 embryos indicates 
that mothers of these lines contribute KP transcripts to their embryos, while the mothers 
of the remaining lines do not. 
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Figure 9. Autoradiograph of RT-PCR amplifications with primers P35R/P2577L. 
"+"indicates a reverse transcriptase reaction was performed;"-" indicates that the reverse 
transcriptase was omitted. 
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Results of the amplification reactions using primers P35R and P2577L indicate 
that the KP element promoter is not the sole promoter used to produce KP transcripts (or 
transcripts that contain sequences corresponding to the KP element). Using another 5' 
primer located downstream from the KP element promoter (P350R) paired with the KP-
specific primer (P2577L) can assess the roles of genomic promoters and the element's 
own promoter in initiating transcription of maternally-provided KP transcripts. Such an 
inquiry assesses the importance of an element's genomic position in effecting its 
expression. 
To address the question of the importance of promoter usage (either run-on 
transcription from genomic promoters or transcripts initiated from the KP element 
promoter) in the maternal expression of KP elements, RT-PCR amplifications were 
performed using the 5'-post-promoter primer, P350R, and the KP-specific primer, 
P2577L. This primer pair was used to identify maternal transcripts initiated from either 
external genomic promoters or from the KP element promoter (see figure 6). A strain 
showing an amplication product in the P350R/ P2577L reaction, but not in the 
P35R/P2577L RT-PCR would indicate that the transcript arises solely from KP element 
promoter use. 
Results of P350R/P2577L RT-PCR amplifications are shown in figure 10. This 
primer pair should amplify a 418 bp product when spliced mRNA is reverse transcribed 
and subjected to PCR. No PCR products were obtained when the reverse transcription 
step was omitted, indicating that the source of amplification products was mRNA. 
Embryos from the strains HW, WW 4, Bli 19, and CS did not give an amplified product, 
indicating the absence of maternally-provided KP element-initiated KP transcripts. As 
these strains also also do not show run-on KP transcripts (see figure 9), it follows that 
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Figure 10. Autoradiograph of amplifications with primer pair P350R/P2577L. 
In A, reverse transcriptase was included in each reaction; in B, reverse transcriptase was 
omitted. 
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HW, WW 4, Bli 19, and CS mothers do not contribute any KP element messages to their 
oocytes. 
Embryos from NW 3, SX, and NF 2, strains which showed products in the 
P35R/P2577L reaction, also show products in the P350R/P2577L reactions, as expected. 
It is not known whether the transcripts detected using this primer pair were initiated from 
external promoters or from the KP element promoter, as these primers will detect both 
messages. 
Embryos from NOW 6, which lacked any amplification product in the 
P35R/P2577L reaction, show product in the P350R/P2577L RT-PCR amplification. The 
presence of an amplification product in NOW 6 embryos in the P350RIP2577L reaction 
and the absence of product in the P35R/P2577L reaction indicates that mothers from this 
strain provide their oocytes with KP transcripts which were initiated exclusively from the 
KP element promoter, and not from external genomic promoters as is the case with strains 
NW 3, SX, and NF2. Results of the KP-specific amplification reactions indicate that 
genomic promoters, in addition to the KP element promoter, initiate maternal transcription 
of KP elements. Such a result emphasizes the importance of an element's location in 
governing its expression pattern. If some such transcripts are translated, this observation 
provides a novel basis for position effect on P element expression besides the usual 
presumption of a nearby enhancer. 
KP-specific amplification reactions show that embryos from two lines with 
maternal effect repression (NW 3 and NOW 6) and the embryos from two lines with no 
repression ability (SX and NF2) show the presence of maternal KP transcripts, while 
embryos showing zygotic repression (WW 4 and Bli 19) lack KP transcripts. (HW and 
CS embryos, negative control lines lacking KP elements do not produce products.) The 
presence of KP transcripts in NW 3 and NOW 6, two lines showing maternal repression 
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in genetic assays, indicates that KP transcripts may play a role in maternally inherited 
repression. However, that SX and NF 2, two lines showing no repression, have 
maternally provided KP transcripts indicates that the presence of a maternally provided 
KP transcript is not sufficient to convey a repression effect. Based on these results, 
neither the presence nor the absence of KP transcripts is indicative of an embryo's ability 
to repress transposition. There is no correlation between a strain's mode of repressor 
inheritance and the presence or absence of maternally provided KP transcripts. 
· b. RT-PCR amplifications using primers specific for full-size P 
element transcripts 
To assay for Type I-specific maternally-provided transcripts, primer pair P1895R 
and P2348L was used (see figure 7). This primer pair spans the 191 nucleotides of the 
intron between exons 2 and 3. Using either genomic DNA or unspliced mRNA as the 
template with this primer pair would give a product length of 456 bp. The unspliced 
mRNA represents the 66kd repressor protein. A spliced mRNA, representing 
transposase product, would produce a product of 265 bp. 
Using the primer pair P1895R and P2348L to perform PCR and RT-PCR 
amplifications always yeilded products of 456 bp, regardless of the template used. All 
DNA and RNA samples of the test lines, including CS, showed products; furthermore, 
reactions in which no template was provided also produced an amplified product of 
correct size (data not shown). Because the negative control reactions (CS and no 
template) were unsuccessful, no conclusions can be drawn from amplification reactions 
performed with primers P1895R and P2348L. 
43 
In addition to coupling primer P2348L to primer P1895R in amplification 
reactions, primers P35R, P350R, and P961R were used with primer P2348L to amplify 
full-size elements (see figure 7). In PCR amplifications using genomic DNA as template 
and primers P35R and P2348L, the expected product length is 2316 bp. The primer pair 
P350R and P2348L should amplify a 2001 bp sequence from a DNA template. Finally, 
using primers P961R and P2348L in PCR would produce a product of 1390 bp. All 
amplifications with these three primer pairs were unsucessful as no product was produced 
in any reaction using DNA templates (data not shown). Since PCR amplication did not 
work with the primer pairs to detect full-size P elements, no RT-PCR amplifications were 
performed. Due to the unsuccessful completion of this work, no conclusions can be 
drawn about the role of full-size transcripts in maternal inheritance of repression. 
CHAPTER IV 
DISCUSSION 
Two distinct systems of P element repression, in addition to the absence of 
repression, operate in natural populations: a maternal effect repression, termed P 
cytotype, and a chromosomally inherited system. Brookfield ( 1991) proposed a model in 
which the endpoint of the evolution of repression in a population depends upon the initial 
mix of full-size P and KP elements. This model is based on two proposals of repression 
strategies, namely, that the presence of full-size P elements in a genome is responsible for 
establishing P cytotype (maternal-effect) repression and that chromosomal repression is 
mediated by genomic KP elements. Components of these proposals have been tested 
using germ line transformed strains (Daniels et al. 1987), strains containing in vitro 
modified elements (Robertson and Engels 1989; Misra and Rio 1990; Gloor et al. 1993; 
Misra et al. 1993; Andrews and Gloor 1995), and strains with single insertions of 
elements or portions of chromosomes containing P elements isolated from natural 
populations (Black et al. 1987; Jackson et al. 1988; Rasmusson et al. 1993; Nitasaka et 
al. 1987; Ronsseray et al. 1991; Ronsseray et al. 1993; Gloor et al. 1993). Based on the 
results of these studies, models explaining the mechanism of repressor action by full-size 
P elements in maternal inheritance and KP elements in chromosomal inheritance of 
repression have been proposed. 
A key element of a maternal effect repressor is that whatever is deposited into the 
egg by the mother must positively regulate expression of repressor in germ cells during 
development. Roche et al. ( 1995) proposed a model in which transcriptional repression 
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and splicing control in the germ line during female oogenesis provide a mechanism to 
maintain repression during maternal inheritance of P cytotype (see figure 11). The model 
is based on the discovery of a 97kD Drosophila protein, P-element somatic inhibitor 
(PSI), that inhibits splicing of the third intron (IVS3) of the P element (Siebel et al. 1992; 
Siebel et al. 1994). Roche et al. (1995) proposed that maternally-provided products of 
the P cytotype, presumably type I repressor proteins, cause transcriptional repression of P 
elements in a promoter-independent fashion. This transcriptional repression results in a 
low level of pre P-mRNA production. The authors propose that since pre P-mRNA levels 
are low, PSI, which is present in limiting amounts in the germ line (Siebel et al. 1994), is 
able to exert its effect; therefore, splicing ofIVS3-containing mRNA is also low. Since 
IVS3 splicing is low, there is a greater proportion of repressor mRNA (message which 
retains IVS3) than of transposase mRNA (message with IVS3 removed) in the developing 
germ cells. Later, in the mature ovary, this repressor, either as message or as protein, can 
be deposited into the egg during oogenesis to maintain the P cytotype in subsequent 
generations. 
The multimer poisoning model is the favored explanation of the mechanism of 
repressor action by KP elements (Rio 1990; Andrews and Gloor 1995). P element 
proteins, including the KP element product, possess a leucine zipper, which is a common 
contact site for protein-protein interactions. Andrews and Gloor ( 1995) propose that the 
KP leucine zipper can bind either with P transposase or with a host-encoded protein that 
is necessary for transposition. If transposase exerts its action as part of a multimeric 
DNA-protein complex (a likely supposition, since it has leucine zipper domains), the 
binding of a KP molecule to a transposase molecule could poison the ability of the 
transposase to assemble a complex capable of effecting transposition. 
P cytotype model 
[Roche et al. 1995] 
PSl=P element Somatic Inhibitor 
maternal 66 kD 
low 11 
germline ~ 
[PSI] low [pre P mRNA] 
~~ 
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l l 
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Figure 11. A model to explain P cytotype (Roche et al. 1995). 
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The proposed models of P element-encoded repressor action are based on studies 
in which potential P repressors are isolated in genomes without other P elements and 
tested for repression ability. Such studies have determined that both full-size P elements 
and KP elements can act as repressors at the genetic and biochemical levels; however, 
studies using lines that have been artifically constructed in the laboratory may not 
accurately represent how regulation operates in wild fly genomes. Previous studies have 
never addressed the question of whether such results are relevant to what occurs in natural 
populations. In particular, interactions between different classes of elements cannot be 
ascertained in such artificially-produced flies. 
In order to test the relevance of the proposed roles of full-size P elements in 
maternal effect repression and of KP elements in zygotic repression in natural fly 
populations, it is necessary to study the repression properties and expression patterns of P 
elements in fly lines established from wild populations. Strains derived from natural 
populations collected along the eastern coast of Australia provide a good sample because 
they differ in their strengths of repressor ability and in their modes of repressor 
inheritance (see table 3). Two strains, NW3 and NOW 6, represent flies with repression 
that is conveyed through a maternal effect. WW 4 and Bli 19 are two strains that show a 
chromosomal repression inheritance, while NF2 is a representative Australian strain that 
has no or extremely weak repression ability. 
Results of Southern blot analysis of the Australian lines show that a strain's mode 
of repressor inheritance and its genomic P element complement are not correlated in an 
obvious way. The 66 kD repressor protein, produced when IVS3 of the full-size P 
element transcript is not removed, is postulated to convey maternal effect germ-line 
repression of transposase (Robertson and Engels 1989; Misra and Rio 1990; Misra et al. 
1993; Roche et al. 1995); however, strains exist that contain genomic full-length P 
elements and do not show maternally-based regulation. For example, Nebo 1, WW 4, 
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WW 6, Bli 19, and NW 4 have full-size P elements (see figure 8), yet none of these lines 
show maternal inheritance of repression (see table 3). 
The KP element, which is highly abundant in many natural populations, has 
been implicated as an element which conveys zygotic repression in lines possessing it 
(Black et al. 1987; Jackson et al. 1988; Corish et al. 1996). However, as noted by 
Brookfield ( 1996), some strong P strains that do not show chromosomally-based 
repression have high numbers of KP elements (Monastirioti et al. 1988), while other 
strains which show chromosomal repression do not possess KP elements (Heath and 
Simmons 1991 ). In addition, the results of my study show that lines exist which have 
large numbers of KP elements and virtually no repression ability (as was noted by 
Boussy et al., 1988). Strains NW 4, NF 2, and SX provide examples of such strains 
(see figure 8 and table 3). 
As all P elements can be considered potential regulators of transposition, a strain's 
possession of a particular element does not predict its regulatory ability. In regard to both 
full-size P and KP elements, strains can appear equivalent at the molecular level, but can 
act very differently in genetic tests. Since the presence of certain genomic P elements in a 
strain cannot predict the repressor function of that strain, the expression of these 
elements, in proper amounts and at the proper developmental times and in the proper 
tissues, must be important in determining the type of inheritance and strength of a strain's 
repression. Since such expression characteristics of the P element appear to be due to 
position effects, perhaps the most important factor in determining a given element's 
repression ability is its genomic location (O'Kane and Gehring 1987; Robertson and 
Engels 1989; Misra and Rio 1990; Gloor et al. 1993; Misra et al. 1993; Rasmusson et al. 
1993). 
The two repression modes, maternal and zygotic, accomplish the same end result 
of protecting a fly's germ cells from the deleterious effects of P element mobilization. It 
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is possible that these different means of controlling P element mobilization developed as a 
consequence of certain elements' being in the right places at the right times. For instance, 
a complete P element, which is implicated as the causative agent of maternal effect 
repression, inserted at a location that ensures maternal expression in the ovary, would 
likely convey maternal effect repression to the offspring of flies carrying that particular 
insertion, while insertion at another location (not leading to maternal ovarian expression) 
would render the same element virtually inactive in conferring a maternally-based 
repression. Misra et al (1993) discovered that this is not necessarily the case, because 
some single 66kD transformant strains which showed maternal effect repression did not 
show maternal expression of the 66 kD repressor element, while other lines which did not 
have maternal effect repression showed maternal 66 kD expression. In the case of KP 
elements, which are expected to play a role in chromosomally-contributed repression, 
insertion near enhancer sequences or the promoter (see below) of a zygotic gene that is 
expressed during germ-line development (the critical time for repressor action) would be 
expected to be advantageous, as such expression would lead to repression. Insertion of a 
KP <?lement such that it is expressed outside of this critical time period, e.g., maternally, 
probably would not produce a repressor effect, and may facilitate transposase action (see 
below). 
Because it is conceivable that the maternal expression of genomic P elements of 
maternally and chromosomally repressing strains could be correlated with mode of 
repressor inheritance, I performed assays to detect such possible correlations. Analysis 
of maternal expression of KP elements yielded two results: much KP element 
transcription is initiated externally, rather than from the KP element's own promoter, and 
KP element mRNA expression pattern is not correlated with maternal effect repression. 
That the KP element promoter plays a minor role in controlling transcription of the 
KP element during female oogenesis was a surprising result. A common genetic 
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technique, enhancer trap detection, utilizes a construct containing the weak P element 
promoter fused to the Lacz gene, mobilizing it to new genomic locations to generate novel 
expression patterns, which can be detected by histochemistry (O'Kane and Gehring 
1987). Enhancer trap detection derives its name because nearby enhancer sequences 
acting on the weak promoter generate the expression patterns. With such enhancer trap 
studies as precedents, I expected the activity of KP promoters in the germ line of females 
during oogenesis to also be determined by nearby enhancer sequences; instead, it appears 
that nearby promoters, through transcriptional readthrough, are more important in 
effecting such expression of at least some KP elements. 
Primers were designed to distinguish between transcripts initiated from external 
genomic promoters (P35R) and from the KP element promoter (P350R) when paired with 
P2577L, the KP-specific primer (see figure 6). RT-PCR amplifications with the two 
primer sets revealed that for three strains, NW 3, NF 2, and SX, transcription of 
maternally-contributed KP elements proceeds from an external genomic promoter (see 
figure 9). In only one strain, NOW 6, was maternal KP transcription controlled solely by 
the P element promoter (see figure 10). 
The maternally-contributed KP transcripts that were detected reflect transcriptional 
activity of genomic elements during oogenesis, the developmental time during which 
mRNAs and proteins from the mother are packaged into the egg. Based on this small 
sample of naturally-occurring strains, it appears that transcription of KP elements during 
oogenesis is primarily under the control of external genomic promoters, rather than the 
KP element promoter. 
The result that the KP element's own promoter plays a minor role in 
transcriptional regulation of the KP element during oogenesis in naturally-occurring fly 
populations complements the results of a study of transcriptional repression of _ 
heterologous promoters carried in P element vectors (Roche et al. 1995). Studies using 
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enhancer trap P promoter-~ gal (P-lacZ) fusion genes indicated that P cytotype caused 
transcriptional repression of the P element promoter (Lemaitre and Coen 1991; Lemaitre, 
Ronsseray et al. 1993). Earlier genetic studies by Coen (1990) had indicated, instead, a 
connection between P-cytotype repression and chromatin effects. The aim of the study by 
Roche et al. ( 1995) was to determine the specificity of cytotype transcriptional control by 
examining the action of P cytotype on heterologous promoters carried in P-element 
vectors. They discovered that transcriptional repression by P cytotype in the female 
germ-line during oogenesis occurs by a general promoter-independent mechanism. 
Because such transcriptional regulatory effects are not restricted to the P promoter, the 
authors propose that a general chromatin-based mechanism of repression (Coen 1990) of 
the P element by P cytotype is operating in flies transformed with fusion gene constructs. 
My study and the study by Roche et al. ( 1995) were designed to address different 
questions using different systems to examine maternal expression of P regulatory 
elements. I assayed naturally-occurring lines for expression of maternally-derived KP 
elements in embryos, while Roche et al. (1995) assayed artificially-constructed lines for 
expression of 66 kD elements (produced from the constructs they introduced) during 
oogenesis. From my studies using different primers, I conclude that the KP elements 
which were expressed in the embryos I assayed must have been initiated from external 
genomic promoters; hence, the KP element promoter is not an important regulatory 
component of transcriptional activity of the KP element during oogenesis. Roche et al. 
(1995) conclude that transcriptional repression of the P element, which is the first point of 
control in their model of P cytotype repression (see figure 11 ), is a promoter-independent 
phenomenon. In a parallel fashion, the P element promoter is not important in regulating 
transcriptional activity of the P element during oogenesis in their assay system. Both 
studies imply that the P element promoter plays a minor role in controlling expression of 
maternal P element products. 
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Maternal expression of KP element transcripts, either from run-on transcription or 
initiated from the KP element promoter, does not correlate with a strain's mode of 
repressor inheritance. When RT-PCR amplification using primers specific for the KP 
transcript was applied to embryonic RNA of representative laboratory and ~ustralian 
strains showing different modes of repressor ability, strains with maternal inheritance 
(NOW 6 and NW 3) and strains without repression ability (NF 2 and SX) showed 
maternally-contributed KP transcripts, while strains with only zygotic repression (WW 4 
and Bli 19) lacked the transcripts (see figures 9 andlO). Hence, the presence of 
maternally provided KP transcripts cannot predict a strain's mode of repressor 
inheritance. 
The strains that show a maternally-derived KP transcript must have contained 
genomic KP elements at locations that led to such maternal expression. That females 
from strains showing maternal inheritance of repression donate maternal KP transcripts to 
their eggs during oogenesis, as a result in and of itself, could implicate maternal KP 
transcripts as playing a role in maternally-transmitted repression; however, the existence 
of maternal KP transcripts in embryos without repression indicates that maternal KP 
transcripts packaged into an egg are not sufficient to cause maternal effect repression. It is 
possible that they may be necessary or contributory factors, or (especially because strains 
without repression ability have maternally-derived KP element transcipts) that maternal 
KP transcripts do not play a major role in maternal inheritance of repression. 
Previous genetic studies of strains possessing either a single KP element insertion 
(Jackson et al. 1988; Rasmusson et al. 1993) or isolated chromosomes from strains 
containing many KP element copies (Black et al. 1987) have been interpreted as 
supporting a role for KP elements in mediating zygotic repression, with only a 
chromosomal, and not a maternal, basis to this repression. The strains showing zygotic 
inheritance of repression in this study, Bli 19 and WW 4, lack maternal KP transcipts in 
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their embryos. This indicates that KP transcripts of maternal origin are not necessary to 
effect zygotic inheritance of repression. 
The lack of maternal expression of KP elements in strains with zygotic inheritance 
is consistent with the proposal that KP-mediated repression does not have a maternal 
basis. This last observation is relevant only if the KP elements are responsible for the 
repression observed in the zygotically-repressing strains of this study <YVW4 and Blil9), 
which has yet to be determined. Nevertheless, the repression transmitted in these strains 
is inherited bi parentally, arguing against a necessary maternal component governing 
repression ability in these strains. The lack of maternally-provided KP transcripts in these 
strains is not surprising, nor would it be unreasonable to assume that other P element 
products would be absent from eggs of females from strains that show zygotic 
repression. Regardless of whether KP elements or other P elements are the responsible 
agents for the zygotic repression of strains WW 4 and Bli 19, their genomic location 
would have to be such that enough regulatory products would be produced thrrough 
zygotic transcription to repress transpositional activity during germ-line development, 
without relying on an initial maternal component. Perhaps such elements are inserted near 
an early zygotically activated gene under control of that gene's enhancer sequences. 
It is interesting that the two strains that do not show repressor ability (NF 2 and 
SX) show a maternally-transmitted KP transcript. In this instance, transcript presence 
and repressor ability are negatively correlated. This observation raises the question of 
whether KP elements always function as repressors of P element activity. I propose that 
it is possible for expression of KP elements to facilitate, instead of repress, 
transpositional activity. The models of Roche et al. ( 1995) and Andrews and Gloor 
( 1995) provide a basis from which I can propose a model of KP expression facilitating 
the activity of transposase (see figure 12). 







unspliced P mRNA 
l 





Figure 12. A new model to explain M' cytotype. 
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The multimer poisoning model of Andrews and Gloor ( 1995) proposes that KP 
proteins repress P element transposition through binding to transposase or a host-encoded 
factor necessary for transposition. A model involving protein interaction is favored 
because transposase and KP proteins possess leucine zippers. Another potential binding 
partner for the leucine zipper of the KP element is the 66kD repressor protein (a type I 
repressor protein) produced by a full length P element. Because the 66kD protein 
contains the same protein-protein binding sequences (leucine zippers) as the transposase 
protein, it is conceivable that the KP protein could bind to type I repressor protein. 
Binding of a KP molecule to a type I repressor protein molecule could inactivate the type I 
repressor function. Inactivated type I repressors could no longer exert their repression 
effects. The result of an interaction between KP and type I repressor protein (the 66kD 
protein) would be derepression, leading to transposition events if transposase were 
present. The mechanism by which KP elements could facilitate transposition, then, is the 
same as the proposed mechanism of repressor action by KP elements. 
Assuming that KP element products are weaker inhibitors of transposase than the 
66 kD protein produced by full-size elements, I propose a model in which the effect of 
KP element expression on transposition depends upon the relative amount of KP product 
in a particular cell. At lower levels, the presence of KP protein in a cell would be 
advantageous, due to its potential to bind transposase or a transpositional necessary host-
encoded protein, interactions which would repress transpostion. After some threshold 
level, however, too great a level of KP protein would lead to binding to repressor proteins 
produced by full-size elements, an activity that could potentially lead to derepression (the 
M' cytotype). 
The facilitation of transposase activity by KP elements could have a temporal 
component, such that it occurs as a result of expression of KP elements in the female 
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germ line during oogenesis. Deposition of primarily KP element transcripts, relative to 
type I repressor-encoding transcripts, into eggs could establish an environment that is 
primed to facilitate transposase activity. Females with eggs having essentially only KP 
expression products (either mRNA or protein) can mate with males that have sperm 
carrying full-size P elements capable of producing both transposase (spliced product) and 
repressor (unspliced product). During development of a zygote produced from this 
mating, the maternally-provided KP protein (either supplied initially as mRNA or as 
protein) can combine with the transposase or repressor proteins made from the 
transcription of the full-size P elements from the paternally-supplied chromosomes. At 
the outset, if the KP protein is present in sufficient quantities, it is possible that proteins 
produced by full-size transcripts initiated through zygotic transcription will be bound by 
KP protein, resulting in both transposase and type I repressor protein inactivation. If 
such a depleted state of type I repressor and the depletion of KP protein (either bound as 
protein complexes or degraded) occurs at the same time, high transposase production, 
leading to high transpostional activity, could be the result. In this indirect way, KP 
protein could facilitate transposase production. 
In the strains NF 2 and SX, maternally-contributed KP element transcripts present 
in embryos cannot effect transpositional repression of transposase-producing P elements 
brought into the egg by Harwich sperm. It is possible that the model I have proposed 
above could be operating in these strains. It is also possible that the KP proteins 
translated from the maternally-donated KP mRNAs bind to each other, an interaction 
which could render KP products ineffectual repressors. That strains showing maternal 
effect repression contain maternally-provided KP element transcripts does not necessarily 
conflict with my model. It is possible that these strains inherit (from their mothers) a high 
amount of type I repressor products, relative to KP element transcripts, such that the type 
I repressor amount is sufficient to effect repression (as proposed by Roche et al. 1995), 
either in spite of, or aided by, the KP products. 
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To test this model of KP product facilitation of transposase activity, the initial step 
would be RT-PCR amplification assays to determine if strains exist which supply both 
full-size repressor and KP element transcripts to their embryos. The existence of such 
strains is necessary to determine if an interaction between maternally-donated type I 
(66kD) and type II (KP) repressors is possible. Operating under the assumption that such 
strains exist and that the transcripts will be translated, the next step would be binding 
assays to detemine interactions between transposase, type I repressor, and KP proteins. 
Assuming that these P element products can bind one another as I have proposed, the next 
step would be construction of lines with varying amounts of full-size and KP elements, 
expressing different product amounts, to test the notion of threshold control as to whether 
the P or M' cytotype is produced as the result of full-size and KP product interaction. 
In summary, I was not able to determine if the maternal effect in P element 
repressor function in naturally occurring populations of D. melanogaster is due to 
maternally contributed type I mRNA. I was able to determine that females of some 
naturally-occurring strains contribute KP element transcripts to their oocytes. No 
correlations exist between repression ability of naturally occurring strains and KP element 
maternal mRNA expression. It appears that this maternal expression of KP transcripts is 
primarily under the control of genomic promoters, rather than the KP element promoter 
itself. Based on possible protein interactions between the KP protein and the 66kD 
protein during early embryonic stages, I have proposed a model in which the KP protein 
can facilitate, rather than repress, P transposase activity. 
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